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Abstract 
This paper presents the impacts that modifications on urban road infrastructure and traffic management measures could have on 
traffic and emissions of a zone. A new toll highway, the change of flow direction of two arterial roads and a new set of bridges in 
a zone within Mexico City are analyzed. Results indicate that the first two options have small benefit on the short term, but it soon 
disappears due to induced traffic, and last option has a negligible effect. Hence, there are not suitable actions, on the supply side, 
for reducing traffic and emissions for the near-future. 
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1. Introduction 
Congestion is one of the most important problems in urban areas. Traffic congestion produces high cost, delays 
and fuel consumption, and has negative social and environmental consequences. 
 
Several actions, both on the supply side and on the demand side, have been considered for reducing congestion 
(Downs, 2004; Jayakrishan, Mahmassani & Hu, 1998; Lozano, Antún & Granados, 2005; Zhang, Li, Zhou, Gupta, 
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Li, Zhang, Miller & Misener, 2011; Pozueta-Echavarri, 2008). These actions are classified as follows: a) the road 
network extension, i.e. building new roads or improving the existing ones; b) the public transportation service 
extension, i.e. the implementation of additional public transportation service; c) the establishment of restricted zones; 
d) the traffic management and control by means the use of control systems; e) the implementation of exclusive lanes 
for certain vehicles; f) the implementation of toll roads or toll zones; g) the elimination of street parking and road 
obstructions; h) the traffic management measures (for example, the change of flow direction, the implementation of 
reversible roads and the blockade of access or roads); i) the use of Intelligent Transportation Systems; and j) the 
planning of the city growth, based on territorial management (this is particularly important for cities in developing 
countries). Each one of these actions has pros and cons (except actions type i) and j), which just imply benefits). The 
usefulness of these actions depends on the specific structure and characteristics of the city. 
 
The development of urban toll roads is often considered as a solution to traffic problems, sometimes without taking 
into account side effects. Usually studies on urban toll roads are focused on pricing and revenue (Kriger, Shiu & 
Naylor, 2006), not on consequences. 
 
An argument against the road network extension (action type a) is that, it could get saturated in the short term due 
to induced trips; these trips use other roads but given the new infrastructure, they change for using the new or improved 
road. Moreover, the road extension is expensive and requires space for building. In this paper, two types of road 
extension are considered: a new urban toll highway and three new bridges on an arterial road. They are located in 
different roads due to their space requirements. The new urban toll highway can also be considered as an action type 
f). 
 
Traffic management measures (action type h) could also get saturated in the short term and their influence area 
could be small. The change of flow direction on roads (establishing reversible roads), at rush hours, is a usual traffic 
management measure. 
 
In this paper, the effect of the following actions, on traffic and emissions of a zone of Mexico City, is analysed: 
x A new urban toll highway 
x The improvement of some segments of the road network: three new bridges on an arterial road 
x A traffic management measure: the change of flow direction on two arterial roads, according to the hour of the 
day 
The rest of the paper is divided as follows: the case study characteristics are described in section 2; the methodology 
for obtaining the impacts is presented in section 3, and the results are described in section 4. Finally, conclusions and 
references are presented. 
 
Nomenclature 
GCmod Generalized cost between origin o and destination d for class m 
m Class 
a Arc 
od Origin-destination pair 
Amod Set of arcs of the shortest path from o to d for class m 
VTm Value of Time for class m 
DVF Delay due volume function 
ta Free flow travel time on arc a 
ca Capacity of arc a 
xa  Total volume on arc a 
FTma Fix toll on arc a for class m 
ĳ Congestion indicator 
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ȡa Ratio between estimated volume and capacity of arc a (Volume over Capacity-VOC)  
țȡ  Number of kilometres at rate ȡa 
Ep  Total emissions (grams) of pollutant p (p is NOx or CO) 
TKVa,v Total travelled kilometres on arc a, by all the vehicles traveling at speed v 
EFp,v Emission factor (g/km) for pollutant p and speed v (km/h), obtained by means of Mobile5.0- Mexico City  
model 
n Number of arcs  
2. Case study 
The study zone is located within Mexico City, around “CU Campus” of the “Universidad Nacional Autónoma de 
México” (UNAM). This campus is located in the southern part of Mexico City, covering an area of 2.7 km2. The 
dimension of the whole study area is 32 km2. Fig. 1 shows the study area, where the toll highway is in orange colour, 
the bridges are in black colour, and the two arterial roads which change flow direction at rush hours are in blue colour.  
 
The three studied actions try to reduce congestion and emissions in the study zone. The location of actions depends 
on their feasibility and the space availability, hence they are not located in the same area. 
 
The purpose of changing flow direction on the two arterial roads is to generate reversible roads with just one flow 
direction; currently, these arterials roads have both flow directions, with three lanes per direction. The change of flow 
direction is as follows: in the morning, the flow of the largest arterial road goes northwards, and the flow of the other 
road goes southwards; and in the evening, the flow of these arterial roads changes to the opposite directions. Hence 
these roads are reversible depending on the hour of the day. 
 
 
Fig. 1. Study area and location of the urban toll highway, the bridges on the arterial road, and the arterial roads where flow direction is changed. 
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3. Methodology 
In order to know the impacts of the proposed actions on traffic and emissions of the study zone, a methodology is 
applied (Lozano, Granados & Antún, 2008). This methodology is composed of the following parts: scenarios 
generation, solution of a traffic assignment problem for each scenario, obtaining performance indicators for each 
scenario, and indicators comparison. The main part of the methodology is the traffic assignment problem, whose 
solution produces estimated flow and speed on the arcs. 
3.1. Scenarios 
Several scenarios are generated and analysed, for the current time and for the future, for morning and evening rush 
hours, considering no actions and the three actions in a separated way. The 16 studied scenarios are listed in Table 1. 
3.2. Traffic assignment problem 
The analysis is based on a traffic assignment problem, solved for each scenario. Equilibrium Assignment models 
take into account congestion effect on travel and route choice. User Equilibrium models assume that each user tries to 
minimize her / his travel time in the network, from an origin to a destination, such that the individual behaviour creates 
equilibrium in the system (Sheffi, 1985). The flow is in equilibrium when any user cannot improve her / his travel time 
by unilaterally changing path. 
 
When toll roads are involved, the user choice depends on the travel time and also on the toll. Hence, a user decides 
to use an urban toll road taking into account: congestion on the alternative paths and her / his ability to pay (called 
class). Then, a multiclass model must be considered (Yang and Huang, 2004; Caliper Corporation, 2010). A Multi-
Class Traffic Assignment Model is used, which takes into account three classes of user grouped according to their 
socio-economical level.  
 
The solution procedure requires the road network, traffic counts and a set of base origin-destination matrices (one 
for each user class).  
 
The scenarios shown in Table 1 require four versions of the road network. Scenarios 1, i.e. without changes, use 
the original network; scenarios 2 include additional arcs to represent the new urban toll highway, and toll data for these 
arcs; scenarios 3 include additional arcs to represent the three bridges; and scenarios 4 use the original network with 
the change of flow direction for those arcs that belong to the two arterial roads. 
 
     Table 1. Scenarios. 
Changes Scenario for morning 
rush hour, current time 
Scenario for evening rush 
hour, current time 
Scenario for morning 
rush hour, future 
Scenario for evening 
rush hour, future 
Without changes 1-AM 1-PM 1-AM-F 1-PM-F 
New urban toll 
highway 
2-AM 2-PM 2-AM-F 2-PM-F 
Three bridges on an 
arterial road 
The flow direction 
change on two 
arterial roads at rush 
hours 
3-AM 
 
4-AM 
3-PM 
 
4-PM 
3-AM-F 
 
4-AM-F 
3-PM-F 
 
4-PM-F 
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The original road network covers the main and secondary roads in the whole Mexico City, and it is more detailed 
in the study area. It is composed of 150,000 arcs with the following attributes: name, flow direction, free-flow speed, 
capacity and calibrated parameters for the cost functions. Near 300 traffic counts are included in the model; traffic 
counts density is higher in the study zone. An extensive field work is performed in order to obtain speeds and travel 
times at rush hours on the main streets. This information is used for calibrating the cost functions in the traffic 
assignment model. 
 
A set of origin-destination (O-D) matrices, one for each user class, was previously obtained from a survey. Each 
matrix includes over 1600 TAZ (Traffic Attraction Zones) on the whole Mexico City. The number of trips in the 
matrices for morning rush hour is 1,319,505, and in the matrices for evening rush hour is 932,687. The study zone is 
traversed by 43,996 trips (41% class 1, 21% class 2 and 38% class 3) during the morning rush hour, and by 31,364 
trips (32% class 1, 22% class 2 and 46% class 3) during the evening rush hour. 
 
Scenarios for the future take into account the population increase, the land use changes and the new road 
infrastructure and large real estate projects, in the study zone (Badoe & Miller, 2000; Herold, Couclelis & Clarke, 
2005). Hence, the future trips consider that territory has been modified. O-D matrices for the future are based on the 
current O-D matrices and on the territorial changes in the study zone. The future time is just three years ahead, because 
it is impossible to obtain information about the land use changes and the road infrastructure and real estate projects in 
the future (the lack of this information is a usual fact for many cities in developing countries). Then, just near-future 
scenarios are analysed. 
 
The Multi-Class Traffic Assignment Model also requires a different value of time per each user class (Lam & Small, 
2001; Ben-Akiva, Boulduc & Bradley, 1993). These values are obtained by means of a previous survey.  
 
The generalized cost function is shown in equation (1). For the new urban toll road, the fix toll is obtained by 
multiplication of arc length and toll per km. 
 
               (1) 
 
 
The assignment procedure has two stages: the objective of the first stage is to obtain, for each user class, an O-D 
matrix from a seed O-D matrix and traffic counts, and the objective of the second stage is to estimate vehicle flow on 
the arcs of the network, based on the previously estimated set of O-D matrices. This procedure is applied to each 
scenario. Then, flow and speed on each arc of the network, for each scenario, are estimated. 
3.3. Performance indicators 
In order to compare the scenarios, some indicators are used. These indicators represent the performance of the 
obtained flow, on congestion, emissions and trips. The following four indicators are obtained for each scenario: 
congestion factor, tons of local emissions (NOx and CO), total travelled kilometres and total travel time. Additional 
indicators, as those for urban and social impacts, are not included in the analysis, due to the required information is 
not available. 
 
The congestion indicator ĳ is shown in equation (2) (based on Lozano, Granados & Guzmán, 2013). The upper 
term considers high congested arcs and gives a bigger value to arcs which have worst congestion and delay, while the 
lower term considers arcs whose flow is lower than their capacity, and gives a bigger value to near free-flow arcs. 
Then, ĳ is the rate between the kilometres with congestion and delay and the kilometres with good flow.    Hence, if 
ĳ A > ĳ B, scenario A is worse than scenario B. 
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                (2) 
 
 
 
Emissions of each pollutant, Ep, are estimated using equation (3). The tons of local emissions NOx and CO are 
calculated. Emissions factors (EFp,v in gr/km) are obtained by using Mobile5.0-Mexico City model and an output of 
the traffic assignment problem (speed on each arc of the network).  
 
                  (3) 
 
 
The other indicators are the number of travelled kilometres by all the vehicles, and the travel time of all the vehicles. 
It should be noted that all the performance indicators are obtained just for the study zone, not for the whole Mexico 
City. 
4. Results 
Results are analysed in order to understand the consequences of each type of action, for the current time and the 
near-future.  
 
Fig. 2 shows the estimated flow for morning rush hour, for the current time without actions and for the current time 
with the change of flow direction on two arterial roads. The arc width represents its flow, and its colour indicates the 
congestion level, where green is free flow and red is congestion with delay. The flow of these two scenarios seems 
similar, hence visual analysis does not allow determine what scenario is better than another. Then, a comparison of 
the scenarios’ indicators is preferable. 
 
The indicators value is shown in Table 2, Table 3, Table 4 and Table 5, for scenarios clustered according to their 
characteristics (morning or evening rush hour, and current time or future). In order to facilitate the scenarios 
comparison, Table 6, Table 7, Table 8 and Table 9 are obtained. These tables show the improvement (if the value is 
lower than 1) or the degeneration (if the value is higher than 1) of the scenarios in comparison with the base scenario 
(without modifications). 
 
For morning rush hour current time (see Table 6), the best scenario is 4-AM (the change of flow direction on two 
arterial roads) according to all the indicators. Scenarios 2-AM and 3-AM (with the toll highway and with the three 
bridges, respectively) obtain just a small improvement, respect to the scenario without modifications (1-AM). Scenario 
3-AM is almost the same that scenario 1-AM, which means that the bridges’ usefulness is almost null. The bad results 
of scenarios 2-AM and 3-AM are due to the induced traffic. Even though the road capacity is improved, a larger 
number of vehicles use it (many of them are attracted from other paths) producing congestion on the road segments 
where capacity is not improved. Induced traffic represents 3% and 1% of total flow, respectively for scenarios 2-AM 
and 3-AM. On the contrary, the flow in the study zone is reduced by 3% for scenario 4-AM. 
 
For evening rush hour current time (see Table 7), the best scenario is 4-PM (the change of flow direction on two 
arterial roads) according to all the indicators. Such scenario is much better than the others. Scenarios 2-PM and 3-PM 
obtain a small improvement, respect to the scenario without modifications (1-PM). 
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Fig. 2. Scenario 1-AM (without modifications, current time) and Scenario 4-AM (the change of flow direction on two arterial roads, current time) 
For morning rush hour in the future (Table 8), scenario 4-AM-F is the best according to the emissions indicators. 
Bad indicators on congestion imply that the change of flow direction on two arterial roads is getting more induced 
traffic in the future. Scenario 2-AM-F obtain just a small improvement respect to the scenario without modifications 
(1-AM-F); such improvement is smaller than that for the current time; hence the small benefit of the toll highway is 
reduced in the short term. Scenario 3-AM-F has almost the same results that scenario 1-AM-F; hence the very small 
benefit of the three bridges also disappears in the short term. Therefore, the best scenario according to the emissions 
indicators is scenario 4-AM-F, and the best scenario for congestion, travelled kilometres and travel time indicators is 
scenario 2-AM-F (scenario with the toll highway). All the scenarios of this group have almost the same total flow. 
 
For evening rush hour in the future (see Table 9), the best scenario is 4-PM-F, according to all the indicators. 
Emission indicators of such scenario are much better than those for others scenarios. Scenario 2-PM-F is a little better 
than scenario without modifications (1-PM-F), respect to congestion and travel time. Scenario 3-PM-F is worse than 
scenario 1-PM-F, except for the travel time indicator which has a small improvement. 
 
Actions type a), i.e. actions focused on the road network extension, are very expensive in comparison with actions 
type h), i.e. traffic management measures. The new toll highway cost is US$78 million per km, and the road length is 
16 km; the set of bridges cost is near 15% of the toll highway cost; but the cost of changing the flow direction on two 
arterial roads is very low because it just includes the implementation of new traffic lights and signalling. 
 
Therefore, at the short term, the best action is to change the flow direction on two arterial roads, because it is cheap 
and reduces traffic and emissions (also because it eliminates some trips in the study zone). However, in the future, 
there is not a satisfactory solution, because both the toll highway and the change of flow direction on two arterial 
roads attract induced traffic, making that traffic or / and emissions are not improved enough. The three bridges action 
is never a good option, because its benefit is very small, it is just for the short term, and it is expensive. 
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Table 2. Indicators of scenarios for morning rush hour, current time. 
Scenarios for morning 
rush hour, current time 
Emissions Congestion 
indicator 
Travelled 
kilometres (km) 
Travel time 
(hour) NOX (ton) CO (ton) 
1-AM 0.11207 3.12191 0.55174 208,615 30,419 
2-AM 0.10759 2.92612 0.47033 197,415 27,494 
3-AM 0.11160 3.11345 0.54599 207,684 30,190 
4-AM 0.08135 2.12584 0.39921 188,163 23,590 
 
Table 3. Indicators of scenarios for evening rush hour, current time. 
Scenarios for evening 
rush hour, current time 
Emissions Congestion 
indicator 
Travelled 
kilometres (km) 
Travel time 
(hour) NOX (ton) CO (ton) 
1-PM 0.15130 5.60095 1.20508 238,047 91,880 
2-PM 0.13521 4.45906 0.76679 218,791 43,330 
3-PM 0.14269 5.05230 0.93849 228,043 56,466 
4-PM 0.07262 1.65381 0.26259 168,148 14,548 
 
Table 4. Indicators of scenarios for morning rush hour, future. 
Scenarios for morning 
rush hour, future 
Emissions Congestion 
indicator 
Travelled 
kilometres (km) 
Travel time 
(hour) NOX (ton) CO (ton) 
1-AM-F 0.12496 3.87942 0.79083 230,059 44,473 
2-AM-F 0.12055 3.64539 0.68434 220,226 40,014 
3-AM-F 0.12539 3.90595 0.78544 230,322 44,179 
4-AM-F 0.09835 3.01244 0.80966 228,045 51,945 
 
Table 5. Indicators of scenarios for evening rush hour, future. 
Scenarios for evening 
rush hour, future 
Emissions Congestion 
indicator 
Travelled 
kilometres (km) 
Travel time 
(hour) NOX (ton) CO (ton) 
1-PM-F 0.16199 6.27263 1.46600 256,448 104,344 
2-PM-F 0.16416 6.43459 1.38039 255,659 83,673 
3-PM-F 0.16828 6.71772 1.50512 261,357 100,921 
4-PM-F 0.12298 4.78195 1.36021 251,045 101,438 
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Table 6. Comparison amongst scenarios for morning rush hour, current time. 
Scenarios for morning 
rush hour, current time 
Emissions 
Congestion Travelled kilometres 
Travel 
time NOX CO 
1-AM 1 1 1 1 1 
2-AM 0.96009 0.93728 0.85245 0.94632 0.90383 
3-AM 0.99580 0.99729 0.98958 0.99554 0.99245 
4-AM 0.72589 0.68094 0.72355 0.90196 0.77550 
 
Table 7. Comparison amongst scenarios for evening rush hour, current time. 
Scenarios for evening 
rush hour, current time 
Emissions 
Congestion Travelled kilometres 
Travel 
time NOX CO 
1-PM 1 1 1 1 1 
2-PM 0.89370 0.79613 0.63629 0.91911 0.47159 
3-PM 0.94312 0.90204 0.77877 0.95797 0.61456 
4-PM 0.48000 0.29527 0.21790 0.70636 0.15834 
 
Table 8. Comparison amongst scenarios for morning rush hour, future. 
Scenarios for morning 
rush hour, future 
Emissions 
Congestion Travelled kilometres 
Travel 
time NOX CO 
1-AM-F 1 1 1 1 1 
2-AM-F 0.96475 0.93967 0.86534 0.95726 0.89974 
3-AM-F 1.00349 1.00684 0.99318 1.00114 0.99339 
4-AM-F 0.78708 0.77652 1.02381 0.99124 1.16803 
 
Table 9. Comparison amongst scenarios for evening rush hour, future. 
Scenarios for evening 
rush hour, future 
Emissions 
Congestion Travelled kilometres 
Travel 
time NOX CO 
1-PM-F 1 1 1 1 1 
2-PM-F 1.01337 1.02582 0.94160 0.99692 0.80190 
3-PM-F 1.03878 1.07096 1.02668 1.01914 0.96720 
4-PM-F 0.75920 0.76235 0.92784 0.97893 0.97215 
 
5. Conclusion 
The indicators were obtained just for the study zone, then the obtained results indicate the impacts on this zone. 
Hence the obtaining of indicators for a wider zone is recommended in order to decide what is the best action for the 
whole city, not just what is the best one for the study zone. 
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The change of flow direction on two arterial roads can be better for the study zone, but could be worst for the 
outside zones (given that it sends 3% flow to other zones). The toll highway and the set of bridges attract induced 
traffic, then other zones could get improved. 
 
The effects of the new toll highway (action type a or type f) and the change of flow direction on two arterial roads 
(action type h), on the study zone, are positive in the short term, but three years later their benefits disappear. The 
latter action is cheaper and its benefit is higher than for the former action. 
 
The consequences of the set of bridges in the study zone are negligible and this action is expensive. 
 
There is not a suitable action for the near-future, which can improve traffic and emissions in the study zone. The 
three analysed actions do not get enough improvement for the future scenarios.  
 
This case study reveals that actions on the supply side are not useful in the future; this result can be extended to 
other urban zones with similar characteristics. Then, in order to reduce traffic and emissions, action on the demand 
side must be implemented, and the use of Intelligent Transportation Systems. 
References 
Badoe D. and Miller E. (2000) Transportation land-use interaction: empirical findings in North America, and their implications for modelling. 
Transportation Research, 5D, 235-263. 
Ben Akiva M., Boulduc D., and Bradley M. (1993) Estimation of travel choice models with randomly distributed values of time. Transportation 
Research Record 1413, 88-97. 
Caliper Corporation (2010) What TransCAD users should know about new static traffic assignment methods. Caliper Corporation Communication 
to Users. 
Downs A. (2004) Why traffic congestion is here to stay… and will get worse. Transportation Research at the University of California, n. 25, pp. 
19-25. 
Herold M., Couclelis H., Clarke K. (2005) The role of spatial metrics in the analysis and modeling of urban land use change. Computers, 
Environment and Urban Systems 29, 369–399. 
Jayakrishan R., Mahmassani H.S. and Hu T. Y. (1994) An evaluation tool for advanced traffic information and management systems in urban 
networks, Transportation Research, 2C, 129-147. 
Kriger D., Shiu S., and Naylor S. (2006) Estimating toll road demand and revenue: A synthesis of highway practice. National Cooperative Highway 
Research Program (NCHRP), Transportation Research Board 364. 
Lam T., and Small K. (2001) The value of time and realiability: Measurement from a value pricing experiment. Transportation Research, 37E, 
231-251. 
Lozano A., Antún J.P., Granados F. (2005) El transporte particular y los problemas de congestión. En El reto del transporte en la ciudad de México: 
voces, ideas y propuestas. Editorial Edamex, ISBN-970-9958-09-7, México D.F. In Spanish. 
Lozano A., Granados F., Antún J.P. (2008) Estimation of Vehicle Flows and Emissions, for Several Scenarios of Street Network Modifications, in 
Mexico City. American Journal of Environmental Sciences 4(3). 
Lozano A., Granados F., Guzmán A. (2013) Impact of new urban toll roads on the traffic of the Ciudad Universitaria (UNAM) in Mexico City. 
13th World Conference on Transport Research. Rio de Janeiro, Brazil, July 15-18, 2013.   
Pozueta-Echavarri (2008) La experiencia internacional en peajes urbanos. Cuadernos de Investigación Urbanística, Ci[ur] 58. Universidad 
Politécnica de Madrid. 
Sheffi, Y. (1985) Urban transportation networks: equilibrium analysis with mathematical programming methods, Prentice Hall. 
Yang H. and Huang H. (2004) The multi-class, multi-criteria traffic network equilibrium and systems optimum problem. Transportation Research, 
38B, 1–15. 
Zhang, L., Li J-Q., Zhou K., Gupta S.D., Li M., Zhang W-B., Miller M.A., y Misener J., (2011) Traveler Information Tool with Integrated Real-
Time Transit Information and Multimodal Trip Planning. Transportation Research Record: Journal of the Transportation Research Board 
2215. 
 
